A novel facultatively anaerobic strain, designated GPTSA 19 T , was isolated from a warm spring and characterized using a polyphasic approach. The strain behaved as Gram-negative in the Gram staining procedure but showed a Gram-positive reaction in the aminopeptidase test. The novel strain was a mesophilic rod with ellipsoidal endospores. On the basis of 16S rRNA gene sequence analysis, the strain showed closest similarity (96.0 %) with Paenibacillus motobuensis MC10 T . The gene sequence similarity of the novel strain with other species of the genus Paenibacillus was ,95.8 %. The novel strain also had PAEN 515F and 682F signature sequence stretches in the 16S rRNA gene that are usually found in most species of the genus Paenibacillus.
. The gene sequence similarity of the novel strain with other species of the genus Paenibacillus was ,95.8 %. The novel strain also had PAEN 515F and 682F signature sequence stretches in the 16S rRNA gene that are usually found in most species of the genus Paenibacillus. The strain possessed anteiso-C 15 : 0 as the major fatty acid and MK-7 as the predominant menaquinone. Polar lipids included diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), six unknown phospholipids (PLs), one aminophospholipid (PN), three glycolipids (GLs), two aminolipids (ALs), one aminophosphoglycolipid (APGL) and three unknown lipids (ULs). The polar lipid profile of the novel strain, especially as regards ALs, GLs and PLs, distinguished it from the recognized type species of the genus Paenibacillus, Paenibacillus polymyxa, as well as from its closest relative P. motobuensis. Based on phenotypic and chemotaxonomic characteristics and analysis of the 16S rRNA gene sequence, the new strain merits the rank of a novel genus for which the name Fontibacillus gen. nov. is proposed. The type species of the new genus is Fontibacillus aquaticus gen. nov., sp. nov. with the type strain GPTSA 19 T (5MTCC 7155
The genus Paenibacillus is, at the time of writing, represented by 94 species (http://www.bacterio.cict.fr/p/ paenibacillus.html). Characteristic features of the genus include rod-shaped cells, ellipsoidal endospores in swollen sporangia, negative reactions in tests for urease activity and citrate utilization, production of acid from glucose, cellobiose, galactose, raffinose and salicin but not from sorbitol, anteiso-C 15 : 0 as a major cellular fatty acid, MK7 as predominant menaquinone and genomic DNA G+C contents in the range of 39 to 54 mol% (Ash et al., 1993; Shida et al., 1997; Montes et al., 2004; Takeda et al., 2005) . Recently, Kämpfer et al. (2006) in their publication of the novel genus Cohnella emphasized the importance of polar lipid analysis in the taxonomic study of the genera Bacillus and Paenibacillus, but such data are not available for most members of these two genera.
In a study of bacterial diversity of a warm spring located in a reserved forest in Assam, India, we isolated many bacteria that differed in colony morphology and pigmentation. Some of the isolates were obtained by serially diluting the water sample in TSB 100 (tryptic soy broth diluted 100 fold), plating the sample on TSBA (tryptic soy broth solidified with 1.5 % agar) and incubating the plates at 37 u C. On preliminary characterization, some isolates appeared to be representatives of novel taxa. In this study, we present the detailed taxonomic characterization of a new strain, designated GPTSA 19 T .
The morphological and biochemical characteristics of the strain were determined as per standard methods (Claus & Berkeley, 1986; Smibert & Krieg, 1994; Murray et al., 1994; Powers, 1995) . The aminopeptidase test was performed according to the manufacturer's instructions (Merck). Strain GPTSA 19 T , like Paenibacillus polymyxa DSM 36 T , lacked L-alanine peptidase. Microscopic observation of endospores was performed after growing the bacterium for 4 days on TSBA 100 medium (tryptic soy broth diluted 100 fold and solidified with 1.5 % agarose). Growth at various temperatures, pH and NaCl concentrations was checked according to previous methods (Saha et al., 2005a, b) . Acid production from various carbohydrates by strain GPTSA 19 T , P. polymyxa DSM 36 T and Paenibacillus motobuensis MC10 T was determined using basal medium broth (Claus & Berkeley, 1986 ) supplemented with 0.5 % carbohydrate and phenol red as the acid-base indicator. Detailed phenotypic characteristics of the novel strain are given in the species description and in Table 1 .
For cellular fatty acid analysis, the novel strain was grown on TSBA medium at 30 u C for 24 h. Extraction and analysis of cellular fatty acids were conducted using the Sherlock Microbial Identification System (MIDI), as described previously (Pandey et al., 2002) . Like other related species of the genus Paenibacillus, fatty acid anteiso-C 15 : 0 was predominant (32.1 %) in the novel strain, followed by C 16 : 0 (19.7 %), iso-C 17 : 0 (12.3 %) and anteiso-C 17 : 0 (10.6 %) (see Supplementary Table S1 in IJSEM Online). Extraction and analysis of menaquinones was performed according to Saha et al. (2005b) . The major menaquinone of the strain GPTSA 19
T was found to be MK-7. Lipids from strain GPTSA 19 T , P. motobuensis MC10 T and P. polymyxa DSM 36 T were extracted according to Bligh & Dyer (1959) . Two-dimensional TLC was performed on 20620 cm silica gel F 254 (Merck) plates according to Komagata & Suzuki (1987) and the plates were analysed following the procedure of Counsell & Murray (1986) . Total polar lipids were detected by spraying the plates with 25 % sulphuric acid (v/v in ethanol) and also by staining with 5 % molybdatophosphoric acid followed by charring at 120 u C. Aminolipids (AL), phospholipids (PL) and glycolipids (GL) were detected by using 0.1 % ninhydrin (w/v, in acetone), molybdenum blue and anisaldehyde spray reagent (all Sigma), respectively. The nomenclature and numbering of Kämpfer et al. pid (PL1), one glycolipid (GL4) and an unknown lipid (UL5) in both organisms ( Table 2 ). The polar lipid profile of P. polymyxa DSM 36 T obtained in this study mostly agreed with the one reported by Kämpfer et al. (2006) except that PL3 reported by these authors, in our opinion, should be regarded as an aminolipid (AL1) because the spot could be stained with ninhydrin and not with molybdenum blue. Moreover, a spot tentatively identified as GL3 by Kämpfer et al. (2006) was well resolved as GL4 in our study. In addition, although there was an indication of the presence of an aminophospholipid in the profile published by Kämpfer et al. (2006) , this was resolved (PN1) in our study. Furthermore, in our study we could not detect the presence of phospholipid PL5 as shown by Kämpfer et al. (2006) , but could detect UL5 (see Supplementary Fig. S1 in IJSEM Online). Strain GPTSA 19 T , however, possessed five unknown phospholipids (PL2, PL7, PL8, PL9 and PL12), one aminophospholipid (PN2), one aminophosphoglycolipid (APGL), two glycolipids (GL1, GL3), two aminolipids (AL2, AL3) and two unknown lipids (UL2, UL6) which were absent in P. polymyxa DSM 36
T . On the other hand, the presence of one aminophospholipid (PN1), one glycolipid (GL2), one aminolipid (AL1) and one unknown lipid (UL7) distinguished P. polymyxa DSM 36
T from both P. motobuensis MC10
T and strain GPTSA 19 T . Although P. motobuensis MC10
T and strain GPTSA 19 T had some polar lipids in common, they were distinguishable from each other on the basis of the presence or absence of a few phospholipids, one aminophospholipid, glycolipids and unknown lipids (see Supplementary Fig. S1 and Table 2 ).
The genomic DNA of strain GPTSA 19 T was isolated following Marmur's protocol (Johnson, 1994) . The G+C content of genomic DNA, amplification of 16S rRNA gene, purification of the amplified product and sequencing of the purified PCR product were performed according to procedures already described (Pandey et al., 2002; Saha et al., 2005a ). An almost complete (1482 nucleotides) 16S rRNA gene sequence of the novel strain was used as the query to search for similar sequences in the GenBank database. The sequence analysis of strain GPTSA 19 T indicated that it contained the consensus signature sequence stretches PAEN 515F (59-GAGTAACTGCTCT-CGGAATGACGGTACTTGAGAAGAAAGCCCC-39 (Shida et al., 1997) and PAEN 862F (59-TCGATACCCTTGGTGC-CGAAG-39 (Pettersson et al., 1999) that are present in most species of the genus Paenibacillus. It showed closest sequence similarity with P. motobuensis MC10 T (96. . Gene sequence similarity with P. polymyxa, the type species of the genus, was 93.6 % and similarities with other species of the genus Paenibacillus were ,95.1 %. 
P. Saha and others
Although the 16S rRNA gene sequence of strain GPTSA 19 T showed greatest similarity (96.0 %) with P. motobuensis, P. anaericanus MH21 T was its closest relative phylogenetically (Fig. 2) T showed some similarity with Cohnella thermotolerans CCUG 47242
T and Cohnella hongkongensis HKU3 T (similarities of 90.6 and 90.8 %, respectively), their sequences were also taken into consideration for phylogenetic analysis. The 16S rRNA gene sequence of Aneurinibacillus aneurinilyticus NCIMB 10056 was used as an outgroup. All the sequences were aligned by using the CLUSTAL_X program (Thompson et al., 1997) and edited manually.
A phylogenetic tree showing the relationship between strain GPTSA 19 T and other reference strains was constructed by the neighbour-joining (NJ) method (Saitou & Nei, 1987) T occupied a separate position in the tree along with P. anaericanus and Paenibacillus sp. H02-R17 (Fig. 2) . Aligned sequences were also analysed using the maximumparsimony and maximum-likelihood methods of the PHYLIP software package, version 3.5c (Felsenstein, 1993) . Trees constructed by all three methods showed a similar overall topology, especially in deeper branches, with strain GPTSA 19
T occupying the same position (Fig. 2) . In the tree constructed using the maximum-likelihood approach with a greater number of sequences (55 species), the novel strain was obtained as a separate lineage distinct from other species of the genus Paenibacillus (see Supplementary   Fig. 2 . Phylogenetic relationship between strain GPTSA 19 T and other closely related species of the genus Paenibacillus based on 16S rRNA gene sequences. The tree was generated by the neighbour-joining method using TREECON software. Only bootstrap values .50 % (percentage of 1000 replications) are shown at the nodes. The sequence from Aneurinibacillus aneurinilyticus NCIMB 10056 was used as an outgroup. Nodes retrieved in neighbour-joining, parsimony and maximumlikelihood methods are shown with filled circles. Bar, 0.02 substitutions per site. T and other representatives within the cluster was less than 97 % (96.0-94.8 %). Stackebrandt & Goebel (1994) observed that bacterial strains having less than 97.0 % 16S rRNA gene sequence similarity showed less than 70 % DNA-DNA relatedness. Since the 16S rRNA gene sequence similarity of strain GPTSA 19 T with its closest relative was 96.0 % and similarities with other species of the Paenibacillus were lower, the genomic relatedness of the novel strain with these species would be expected to be less than 70 %. The presence of ellipsoidal endospores formed in swollen sporangia, catalase activity, absence of urease activity, inability to utilize citrate, presence of DPG, PG, PE, PL1 and GL4 as polar lipids, anteiso-C 15 : 0 , C 16 : 0 , iso-C 17 : 0 , anteiso-C 17 : 0 and iso-C 16 : 0 as major fatty acids, MK-7 as the predominant menaquinone and the presence of the PAEN 515F and PAEN 862F signature sequences in the 16S rRNA gene suggested the affiliation of the novel strain to the genus Paenibacillus. However, the new strain differed from P. polymyxa DSM 36
T and other close phylogenetic relatives in several phenotypic characteristics and in the DNA G+C content (Table 1) . Moreover, as discussed earlier, the polar lipid profile of the new strain was quite different from that of P. polymyxa DSM 36 T (Table 2 & Supplementary Fig. S1 ). Although the polar lipid profile of P. motobuensis MC10 T shows more similarity with that of GPTSA 19 T than P. polymyxa DSM 36 T , the presence of two phospholipids (PL10, PL11), three unknown lipids (UL1, UL3, UL4), one aminophospholipid (PN3) and one glycolipid (GL5) in P. motobuensis MC10 T distinguished it from strain GPTSA 19 T (Table 2) . Moreover, phylogenetically P. motobuensis MC10 T was not closely related to strain GPTSA 19 T and therefore should not be considered to be a species of the newly proposed genus. When the polar lipid profile of strain GPTSA 19
T was compared with that of the type species of a neighbouring genus, Cohnella thermotolerans (Kämpfer et al., 2006) , it was found that DPG, PG, PE, one phospholipid (PL2) and two aminophospholipids (APGL and PN2) were present in both organisms. Strain GPTSA 19 T has five additional phospholipids, two aminolipids and three unknown lipids which are not present in C. thermotolerans. The fatty acid contents of strain GPTSA 19 T showed significant quantitative differences from that of P. polymyxa DSM 36
T as well as from P. motobuensis MC10 T . A comparison of the fatty acid profiles of strain GPTSA 19 T and related species is presented in Supplementary Table S1 .
On the basis of phenotypic, including chemotaxonomic, properties and genotypic characteristics along with evidence from phylogenetic analysis ( Fig. 2 and Supplementary  Fig. S2 ), it is concluded that strain GPTSA 19
T represents a novel species of a new genus for which the name Fontibacillus aquaticus gen. nov., sp. nov. is proposed. At this stage it would not make sense to reclassify P. motobuensis as a species of this novel genus. Although P. motobuensis shares the highest 16S rRNA gene sequence similarity with strain GPTSA 19 T , phylogenetic examinations do not indicate a close relationship since P. anaericanus MH21
T is apparently more closely related to strain GPTSA 19 T . In order to create a monophyletic genus, the assignment of other species to the novel genus proposed here should be postponed until the phylogenetic relationships can be considered to be more stable, with bootstrap values of greater than 70 %.
Description of Fontibacillus gen. nov.
Fontibacillus (Fon.ti.ba.cil9lus. L. masc. n. fons fontis a spring, fountain; L. masc. n. bacillus a bacillus/rod; N.L. masc. n. Fontibacillus a rod-shaped bacterium isolated from a spring).
Cells are rod-shaped, show a Gram-positive reaction in the aminopeptidase test, are facultatively anaerobic and sporeforming. Endospores are ellipsoidal, terminal or subterminal in bulging sporangia. The predominant menaquinone is MK-7. Predominant polar lipids are PG, DPG, PE and moderate amounts of APGL; an aminophospholipid (PN2) and an unknown lipid (UL6) are also present. Major fatty acids are anteiso-C 15 : 0 , C 16 : 0 , iso-C 17 : 0 and anteiso-C 17 : 0 . Fatty acids C 14 : 0 , iso-C 15 : 0 and iso-C 16 : 0 occur in moderate amounts. The type species is Fontibacillus aquaticus.
Description of Fontibacillus aquaticus sp. nov.
Fontibacillus aquaticus (a.qua9ti.cus. L. masc. adj. aquaticus living in water, referring to the isolation of the type strain from water).
Shows the following properties in addition to those given in the genus description. Cells stain Gram-negative, are 3-5 mm in length and 0.5-0.8 mm in width and occur singly or in pairs. Growth occurs at temperatures between 20 u C and 42 u C and at pH 6.0-11.0. Cells can tolerate 2.0 % NaCl (w/v), but not 5 %. Colonies after 36 h of growth on TSBA appear as round, convex and opaque, with an irregular margin and are creamish white in colour. Catalase-and oxidase-positive. Negative for indole production, for the methyl red and Voges-Proskauer (MR-VP) tests, for gas production from glucose, H 2 S production, and citrate and acetate utilization. Can hydrolyse starch, aesculin and ONPG (weakly), but not casein, urea, gelatin or Tween 20, 40 or 80. It cannot reduce nitrate to nitrite. Negative for DNase, phenylalanine deaminase, arginine dihydrolase, lysine-and ornithine decarboxylase. Can produce acid from arbutin, cellobiose, D-fructose, Dgalactose, gentiobiose, D-glucose, glycogen, maltose, melibiose, raffinose, salicin and sucrose, but not from Larabitol, inulin, myo-inositol, D-mannitol, L-rhamnose, Dribose, sorbitol, L-sorbose, trehalose xylitol or D-xylose. Major fatty acids are anteiso-C 15 : 0 , C 16 : 0 , iso-C 17 : 0 , anteiso-C 17 : 0 , iso-C 16 : 0 , iso-C 15 : 0 , C 14 : 0 and iso-C 14 : 0 . The predominant menaquinone is MK-7. In addition to the diagnostic polar lipids listed in the genus description, the type strain contains six unknown phospholipids (PL1, PL2, PL7, PL8, PL9, PL12), two aminolipids (AL2, AL3), three glycolipids (GL, GL1, GL3 and GL4) and two unknown lipids (UL2, UL5).
The type strain, GPTSA 19 T (5MTCC 7155 T 5DSM 17643 T ), was isolated from a warm spring water sample from Assam, India. The DNA G+C content of the type strain is 45.8 mol%.
